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ABSTRACT                        The antifungal activity of marjoram and clary sage essential oils (EOs) against bread 
spoilage molds Aspergillus niger, Penicillium chrysogenum and Rhizopus spp. was investigated 
by the reversed Petri dish method in malt extract medium and on wheat, wheat-rye mixed, and 
rye bread slices modeling an active packaging. Changes in colony size and colony growth rate 
were evaluated as markers for growth inhibition effect of the EOs. In vitro the most insensitive 
mold was Rhizopus spp. showing no significant changes after EO treatment compared to the 
untreated control. However, growth of all of the investigated molds was significantly reduced 
on EO vapor treated bread slices. To overcome problems rising from the strong aroma of EOs 
further experiments are needed to find the best EOs with acceptable aroma and high effective-
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Antifungal activity in ME medium
Figure 1. Colony diameter of Aspergillus niger growing on malt extract 
medium or bread slices in the presence and absence of marjoram 
and clary sage essential oils. Different letters on the top of columns 
represent signifi cant deference (p<0.05).
Figure 2. Colony diameter of Penicillium chrysogenum growing on 
malt extract medium or bread slices in the presence and absence of 
marjoram and clary sage essential oils. Different letters on the top of 
columns represent signifi cant deference (p<0.05).















A. niger 9 ng 10 10 9 6
P. chrys. 9 4 10 4 ng ng
Rhizopus spp. 8 10 8 8 ng ng
ng. No growth
Table 1. Number of days to visible growth of the fungus.
Effect of essential oil vapors on the shelf life of 
bread slices Sensory evaluation
Discussion
Figure 3. Colony diameter of Rhizopus spp. growing on malt extract 
medium or bread slices in the presence and absence of marjoram 
and clary sage essential oils. Different letters on the top of columns 
represent signifi cant deference (p<0.05).
Figure 4.  Colony growth rate of Aspergillus niger growing on malt ex-
tract medium or bread slices in the presence and absence of marjoram 
and clary sage essential oils. Different letters on the top of columns 
represent signifi cant deference (p<0.05).
Figure 5. Colony growth rate of Penicillium chrysogenum growing on 
malt extract medium or bread slices in the presence and absence of 
marjoram and clary sage essential oils. Different letters on the top of 
columns represent signifi cant deference (p<0.05).
Figure 6. Colony growth rate of Rhizopus spp. growing on malt extract 
medium or bread slices in the presence and absence of marjoram 
and clary sage essential oils. Different letters on the top of columns 
represent signifi cant deference (p<0.05).
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